A non-antigen specific immunotherapy consisting of repeated co-administration of poly-iC and blocking antibodies targeting the programmed cell death-1 (PD-1) pathway dramatically inhibits tumor development in several mouse models of cancer. tumor-reactive CD8 + t cells mediate the antitumor effects mediated by PD-1 blockade. this therapeutic avenue can be readily translated to cancer patient treatment regimens.
CD8
+ cytotoxic T lymphocytes (CTLs) are the most efficient mediators of the adaptive immune system. Among the myriad of immune cell responses to cancer, CTLs are capable of both recognizing and destroying tumor cells. CTLs recognize antigens on the surface of tumor cells that are presented as MHC class I-peptide complexes. These peptides, known as CTL epitopes, are commonly derived from processed proteins. When derived from cancer cells, these CTL epitopes correspond to tumor-associated antigens (TAAs). In order to develop effective epitope-based cancer vaccines, a necessary step is to identify TAAs containing peptide epitopes that potently solicit tumorreactive CTLs.
Numerous investigators are working to develop epitope-based vaccination strategies for immunization against cancer. These include melanoma and human papilloma virus (HPV)-mediated cervical cancer, particularly since these malignancies have defined TAAs that can be used to stimulate tumor-reactive CTL responses. In B16 melanoma and HPV cervical cancer mouse models, we recently investigated vaccines consisting of synthetic peptides representing minimal CTL epitopes administered intravenously in a mixture with polyinosinic-polycytidylic acid (poly-IC) and anti-CD40 monoclonal antibody (mAb)-a combinatorial agent called TriVax-or with poly-IC alone (termed BiVax). We reported that such combinatorial treatments were capable of eliciting robust T cell responses that were highly effective against established tumors, demonstrating that these strategies are useful approaches for the treatment of tumor types in which reliable TAAs are known. [1] [2] [3] [4] [5] However, for many other tumors such as lung and colon cancers, few if any dependable TAAs inducing tumor-specific CTL responses have been identified to date, limiting our ability to develop epitope-based vaccines. Thus, we feel that there is a great need to explore novel immunotherapeutic approaches to induce tumor-reactive CTLs without the use of defined TAAs. Recently, while performing vaccination experiments using the murine B16 melanoma model and peptides administered in combination with poly-IC and anti-programmed deathligand 1 (PD-L1) mAb, we noticed surprising and dramatic antitumor effects in control mice that received an irrelevant synthetic peptide. 5 These results suggested that the repeated co-administration of these immune adjuvants alone, even in the absence of peptide epitope, might provide a therapeutic benefit against established tumors. This approach might be especially useful for the treatment of lung and colon cancers for which no known CTLactivating TAAs have been identified so far.
To test this hypothesis, we explored the therapeutic efficacy of the combined administration of poly-IC and anti-PD-L1 mAb in 3 cancer mouse models: B16 melanoma, Lewis lung carcinoma, and MC38 colon carcinoma.
6 B16 tumor growth was delayed by the poly-IC/anti-PD-L1 mAb combination therapy, although none of the host mice completely rejected their tumors. On the other hand, treatment with the combination of poly-IC and anti-PD-L1 mAb completely eradicated tumors in 60-80% of mice bearing the lung and colon cancer models, respectively. Furthermore, anti-PD-1 mAb alone was found to be equally effective in controlling MC38 colon tumor growth as compared with anti-PD-L1 mAb coadministration with poly-IC. Next, to assess the generation of long-term systemic immunity, mice that rejected lung or colon tumors were rechallenged with same tumor. In the colon cancer xenograft model, none of survivor mice developed tumors after the rechallenge, whereas in the lung cancer model one half of the host mice were able to reject the second tumor challenge, suggesting that this combinatorial therapy could potentially induce durable immunity.
We also sought to study the role the various lymphocyte subsets in tumor rejection. To this end, we evaluated the antitumor efficacy of the poly-IC/anti-PD-L1 mAb combinatorial therapy in mice depleted of CD8 + T cells, CD4 + T cells, or natural killer (NK) cells. The therapeutic benefits of the combination therapy disappeared when CD8 + T cells, but not CD4 + T cells or NK cells, were depleted, indicating that the antitumor effects of this therapy are mediated by CD8 + CTLs. Additionally, using the EliSPOT assay we confirmed that tumorreactive CTLs were induced by this combinatorial therapy as evinced by the tumor cell elicitation of interferon-γ (IFNγ) producing T cells obtained from treated wild-type animals. However, in the experiments using genetically deficient mice, we found that the efficacy of this combinatorial therapy partly depended upon the participation of type-I IFN, whereas IFNγ did not appear to play a major role. As with our previous experience using peptide vaccines, 1 we assume that CTLs mediate their antitumor effects via perforin-granzyme-mediated cytotoxicity.
In conclusion, our data suggest that the administration of poly-IC and blocking mAbs of the PD-1/PD-L1 pathway may improve CTL responses naturally generated against TAAs, or alternatively, could foster new CTL responses (Fig. 1) . Poly-IC is known to stimulate antigen-presenting cells (APCs) including dendritic cells (DCs) that may enhance tumor antigen cross-presentation to CTLs. Thus, tumorinfiltrating DCs exposed to poly-IC that capture dead tumor cells or tumor debris containing TAAs become potent APCs capable of priming new tumor-reactive CTLs or expanding preexistent CTLs. Moreover, it is also known that antigenexposed CTLs may express the inhibitory PD-1 receptor. The blockade of the PD-1/ PD-L1 pathway between these T cells and DCs, that express PD-L1, rescues the T cells to expand and become more potent effector cells. Since tumor cells also express PD-L1, the blockade of the PD-1/ PD-L1 pathway may also enhance the effector phase of the CTL response, promoting T cell survival and proliferation at the tumor site.
Finally, we believe that our observations in mice could readily be translated into a novel cancer treatment, especially in those instances where no reliable TAAs have been identified. Both poly-IC and several humanized mAbs targeting the PD-1/PD-L1 pathway are currently undergoing clinical development.
7-10

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed. 
